When light energy absorbed by plants becomes excessive relative to the capacity of photosynthesis, the xanthophyll violaxanthin is reversibly deepoxidized to zeaxanthin (violaxanthin cycle). The protective function of this phenomenon was investigated in a mutant of Arabidopsis thaliana, npq1, that has no functional violaxanthin deepoxidase. Two major consequences of the npq1 mutation are the absence of zeaxanthin formation in strong light and the partial inhibition of the quenching of singlet excited chlorophylls in the photosystem II light-harvesting complexes. Prolonged exposure of whole plants to bright light resulted in a limited photoinhibition of photosystem II in both npq1 and wild-type leaves, although CO 2 fixation and the linear electron transport in npq1 plants were reduced substantially. Lipid peroxidation was more pronounced in npq1 compared with the wild type, as measured by chlorophyll thermoluminescence, ethane production, and the total hydroperoxy fatty acids content. Lipid peroxidation was amplified markedly under chilling stress, and photooxidative damage ultimately resulted in leaf bleaching and tissue necrosis in npq1. The npq4 mutant, which possesses a normal violaxanthin cycle but has a limited capacity of quenching singlet excited chlorophylls, was rather tolerant to lipid peroxidation. The double mutant, npq4 npq1, which differs from npq4 only by the absence of the violaxanthin cycle, exhibited an increased susceptibility to photooxidative damage, similar to that of npq1. Our results demonstrate that the violaxanthin cycle specifically protects thylakoid membrane lipids against photooxidation. Part of this protection involves a mechanism other than quenching of singlet excited chlorophylls.
The chloroplast of plants is a remarkable system that converts solar energy into chemical energy with a high efficiency. However, reactive forms of oxygen can be produced during illumination of chloroplasts, especially when the absorption of light energy exceeds the capacity of photosynthesis and the photoprotective mechanisms are overwhelmed (1, 2) . Indeed, at high photon flux densities (PFDs), the accumulation of excitation energy in the light-harvesting chlorophyll antennae (LHC) of the photosystems favors the production of triplet excited chlorophyll molecules ( 3 Chl) that can interact with O 2 to generate reactive singlet oxygen ( 1 O 2 ). Overreduction of the photosynthetic electron carrier chain would also favor the direct reduction of O 2 by photosystem I (PSI) and the subsequent production of damaging reactive oxygen species, such as superoxide (O 2 Ϫ ), hydrogen peroxide (H 2 O 2 ), and the hydroxyl radical ( ⅐ OH). In addition, many environmental stress conditions limit the ability of a plant to utilize light energy through photosynthesis so that excessive excitation of the photosystems can occur at moderate light intensities (3) . Consequently, photooxidative damage, especially to PSII (4-6), appears to be an unavoidable consequence of the photosynthetic activity and can be a major factor that causes sustained depressions in photosynthetic efficiency (photoinhibition).
Carotenoids play a key role in the protection of photosynthetic organisms against the toxic effects of light. They are able to quench 3 Chl and 1 O 2 (7, 8) , and these functions have been demonstrated in vitro in PSII complexes (9) . Under excess light, there is also a rapid change in the carotenoid composition of the LHCs: the diepoxide xanthophyll violaxanthin (V) is rapidly and reversibly converted via the intermediate antheraxanthin (A) to the epoxide-free zeaxanthin (Z) under the action of the enzyme V deepoxidase (10) (11) (12) . Although this xanthophyll interconversion (V cycle) has been studied extensively in the recent years, its physiological role is not yet completely understood. The phototransformation of V is involved in the conversion of PSII to a state of high thermal energy dissipation and low Chl fluorescence emission. It has been suggested that Z could quench directly the singlet excited state of chlorophylls ( 1 Chl) (11, 13) or could favor proton-induced aggregation of the LHCs of PSII leading to energy dissipation (14) . An increase in thermal deactivation of 1 Chl is potentially beneficial because it can protect the PSII reaction centers from overexcitation and subsequent photoinhibition and it also can reduce the probability of 3 Chl and 1 O 2 formation in the LHCs. It must be noted, however, that the protective function of the V cycle is probably not restricted to PSII, because the cycle takes place in both PSII and PSI (15) . Inhibition of the V cycle by DTT, a potent (though nonspecific) inhibitor of the V deepoxidase, was associated with only a slight increase in the level of PSII photoinhibition in strong light whereas, concomitantly, pronounced lipid peroxidation monitored by the production of ethane was induced (16) . This suggests that the V cycle could be involved in a general protection of the photosynthetic apparatus against photooxidation.
Recently, using a Chl fluorescence video-imaging system, Niyogi and coworkers (17, 18) succeeded to isolate mutants of the green alga Chlamydomonas reinhardtii and of the higher plant Arabidopsis thaliana, which is defective in the V cycle. The npq1 Arabidopsis mutant was observed to be unable to form Z in excessive light, and a detailed genetic analysis demonstrated that the npq1 mutation affected the structural gene encoding V deepoxidase. Clearly, this mutant provides a unique tool to understand the photoprotective function of the V cycle in higher plants. Rather surprisingly, although detached npq1 leaves showed a significantly greater sensitivity than did the wild type to a short-term photoinhibitory light treatment during which gas exchange was restricted, growth of npq1 plants was not inhibited significantly in the natural sunlight of the Californian summer (18) . Similarly, photoautotrophic growth of the npq1 mutant of Chlamydomonas was not impaired relative to the wild type in high light (17) . In this study, we analyzed the behavior of npq1 Arabidopsis plants during prolonged exposure (several days) to high-light irradiances. Interpretation of the results was aided by the use of another mutant, npq4, which has a normal V cycle but exhibits greatly reduced nonphotochemical energy quenching (NPQ) in PSII (19) . The results confirm the relative photostability of PSII in the absence of the V cycle and point to a specific involvement of Z in the protection of the chloroplast membranes against photooxidative damage. Our data also suggest that part of the antioxidant activity of Z is not related to quenching of 1 Chl in the LHCs. Temperature, light, air humidity, and gas composition of the atmosphere in the vessels were carefully controlled, and photosynthesis, respiration, and evapotranspiration were monitored continuously as described elsewhere (20) . The plants from the phytotron first were adapted in the glass vessels to a PFD of 300 mol of photons⅐m Ϫ2 ⅐s
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(10 hr per day) at 22°C͞18°C for 5 days, and then PFD was increased from 300 to 1,500 mol of photons⅐m Ϫ2 ⅐s
, with the other environmental conditions remaining unchanged.
Photosynthetic Pigments and Vitamin E. Pigments were extracted, separated, and quantified by HPLC, as described previously (21) . Vitamin E (␣-tocopherol) was determined by HPLC by using the protocol described in ref. 22 .
Thermoluminescence. Chl thermoluminescence was measured with a Hamamatsu photomultiplier tube (R376) in a laboratorymade set-up (23) . The leaf sample preadapted to darkness for 15 min was heated from 25 to 170°C at a rate of 7°C min Ϫ1 .
Volatile Alkanes. Leaf samples (fresh weight, 250 mg) were placed into a 16-ml flask and sealed under nitrogen atmosphere. In situ decomposition of -3 unsaturated hydroperoxy fatty acids into ethane was accelerated by a brief heat treatment (90 s) of the samples in a microwave oven. After cooling the flask, 1 ml of the gas phase was withdrawn and injected in a gas chromatograph for ethane determination (16) .
Hydroperoxy Fatty Acids. The hydroperoxy fatty acid content of the leaves was determined by HPLC quantification of their hydroxy derivatives obtained after NaBH 4 reduction and hydrolysis of a lipid extract, as described in ref. 24 ). Leaves were illuminated with white light produced by a Schott KL1500 light source (Schott, Mainz, Germany), and the nonphotochemical quenching of F m was monitored by sequentially applying intense light pulses. The quantum yield of noncyclic electron transport in the light was calculated as ⌬F͞F m ϭ (F m Ϫ F)͞F m , where F is the actual level of Chl fluorescence.
The net rate of photosynthetic oxygen evolution in saturating CO 2 was measured with a Clark-type oxygen electrode (Hansatech LD2͞2; Hansatech Instruments, Pentney King's Lynn, U.K.). The maximal quantum yield of gross O 2 evolution (⌽) also was measured with the photoacoustic technique by using a modulated (21-Hz) white light of PFD 12 mol of photons⅐m Ϫ2 ⅐s
, as described (21) .
RESULTS
Photosynthetic Characteristics of npq1. As expected (18) , npq1 leaves were unable to convert V to A and Z when the PFD was increased suddenly from 220 mol of photons⅐m Ϫ2 ⅐s
Ϫ1
(growth conditions) to 1,500 mol of photons⅐m Ϫ2 ⅐s
( Fig. 1A) . Even prolonged exposure (several days) to strong light did not cause any significant formation of Z and A in npq1 (see legend of Fig.  2 ). Upon transfer to bright light, heat losses were enhanced, as reflected by the quenching of the F m of Chl fluorescence emission (Fig. 1B) . The extent of this fluorescence quenching was reduced substantially in npq 1 compared with the wild type, as reported previously (18) .
We also have examined whether the inhibition of the V cycle in npq1 affected the photosynthetic performance of the leaves. Neither the light-limited nor light-saturated rate of photosynthetic O 2 evolution was affected by the mutation: the net photosynthetic rate at 4,000 mol of photons⅐m Ϫ2 ⅐s
was about 184 nmol of O 2 ⅐cm Ϫ2 ⅐s Ϫ1 in both genotypes. Photoacoustic measurements in dim white light confirmed that the maximal quantum yield of gross O 2 evolution (⌽) was not changed in npq1: ⌽ (in relative values) was 3.00 Ϯ 0.44 in the mutant and 2.99 Ϯ 0.31 in the wild type. The net rate of CO 2 fixation by whole plants also was observed to be unaffected by the mutation: on average, a wild-type plant fixed 4,889 Ϯ 361 l of CO 2 ͞hr and a mutant plant for several days. The maximal quantum yield of PSII photochemistry (F v ͞F m ) markedly decreased during the first day of illumination, and this decrease was significantly more pronounced in npq1 than in the wild type, indicating that npq1 was more prone to PSII photoinhibition in this time scale (Fig. 2 A) , as reported previously by Niyogi et al. (18) . However, during the second day of illumination, PSII partially recovered, as demonstrated by the progressive increase in the F v ͞F m ratio. F v ͞F m recovered further during the third day, reaching, in the wild type, a value close to that measured before the light treatment. Interestingly, the difference between the two genotypes was strongly attenuated with time: at the end of day 3 (i.e., about 60 hr after the beginning of the light treatment), F v ͞F m was reduced by only 12% in npq1 compared with the F v ͞F m value of the wild type. These results suggest that PSII in both the wild type and npq1 was able to acclimate to strong light in long-term experiments. However, the difference in NPQ between wild type and npq1 (Fig. 1B) was maintained during light acclimation (data not shown).
When the quantum yield of electron transport (⌬F͞F m ) was measured (in red light of PFD 70 mol of photons⅐m Ϫ2 ⅐s Ϫ1 ) rather than the maximal photochemical efficiency of PSII, a noticeable difference was observed between npq1 and the wild type. After 3 days of light stress, the ⌬F͞F m was reduced from 0.61 Ϯ 0.02 to 0.46 Ϯ 0.03 in the wild type and from 0.60 Ϯ 0.03 to 0.39 Ϯ 0.04 in npq1, although the leaves used for those measurements had quite similar F v ͞F m (0.60 Ϯ 0.11 and 0.59 Ϯ 0.01). This suggests that whole-chain electron transport was more affected than PSII in npq1 leaves.
Similarly, CO 2 fixation by npq1 plants was noticeably more affected by prolonged exposure to high PFD than CO 2 fixation of wild-type plants, and this difference was not due to differential stomatal closure (Fig. 2B) . The rate of CO 2 fixation by wild-type plants increased more than that of npq1 plants during the 5-day light treatment, indicating that the wild type grew larger than the mutant. Taken together, our observations under photoinhibitory light conditions indicate that the absence of the V cycle increased the photosensitivity of the photosynthetic apparatus and that some components other than PSII are likely to be affected.
Lipid Peroxidation in npq1. The visible phenotype of the plants exposed to high light intensities (Fig. 3) suggested that npq1 plants suffered from photooxidative damage, with some leaves exhibiting bleached patches and necrotic areas after long treatments (4 days or more at 1,600 mol m Ϫ2 ⅐s
). Therefore, we examined the lipid peroxidation status of Arabidopsis chloroplasts in vivo by using the thermoluminescence (TL) technique (26) (27) (28) . Fig. 4A shows the TL signal from a wild-type leaf. Two distinct bands were obtained that were peaking at ca. 70°C and 135°C. These ''high-temperature'' TL bands do not result from charge recombination of PSII redox components. The 135°C band is attributed to energy transfer from lipid peroxidation products to Chl molecules in thylakoid membranes (28, 29) . Presumably, the 135°C band is generated in the reaction of thermal decomposition of lipid or fatty acid cycloperoxides that, in turn, leads to formation of carbonyls in triplet state followed by migration of excitation energy toward Chl (28) . The amplitude of this band has been correlated in previous studies with the accumulation of conjugated diene and malondialdehyde and has been used to detect lipid peroxidation in plants exposed to various photooxidative stress conditions, including water stress (30), heavy metals (28, 29) . The origin of the sharp 70°C band found in Arabidopsis is unclear and was tentatively ascribed to thermolysis of a (yet unidentified) volatile compound (J.-M. Ducruet, personal communication). Fig. 4B shows the effect of exposing plants to strong light on the amplitude of the lipid-peroxide-related 135°C TL band. During the first day of illumination, the TL band amplitude increased similarly in both genotypes. The 135°C peak amplitude decreased back to the initial value during the night, indicating metabolism of the lipid-peroxidation products detected by the TL method. During the two successive days of light stress, the TL band amplitude increased again, but the increase was much more marked in npq 1 (ϩ103% on day 3) compared with the wild type (ϩ52% on day 3), indicating enhanced peroxidative damage to lipids in npq1.
This differential lipid peroxidation was confirmed by volatile alkane measurements in leaves (Fig. 4C) . Ethane is the end product of -3 unsaturated hydroperoxy fatty acids, and its production occurs via ␤-scission of the corresponding alkoxy radicals (31) . The ethane production after 3-day exposure to strong light was increased dramatically in npq1 leaves but not in wild-type leaves. Hydroperoxy fatty acids also were quantified by HPLC. The results (Fig. 4C) showed that, in contrast to wild-type leaves, npq1 leaves accumulated high amounts of hydroperoxides during strong light stress, thus confirming the ethane and TL data.
Lipid peroxidation in npq1 was accompanied by some losses of chlorophyll (approximately Ϫ20%) whereas the total carotenoid content increased substantially (Table 1) . Particularly, the V content noticeably increased in npq1 as did the pool of xanthophyll-cycle pigments in the wild type. The concentration of vitamin E (␣-tocopherol), the major lipophilic antioxidant present in the thylakoid membrane lipid bilayer (32), also was determined. Vitamin E strongly increased with light stress in both genotypes but the final concentration was higher in the wild type compared with npq1. Accumulation of vitamin E confirms that the light stress used in this study increased Lipid peroxidation also can occur under low or moderate light when plants are exposed to an additional constraint such as water stress (35) or chilling stress (34) . When Arabidopsis plants were exposed for 5 days to 6°C in moderate light (PFD, 900 mol photons m Ϫ2 s Ϫ1 ), pronounced lipid peroxidation took place, and the difference between the wild type and the npq1 mutant was amplified: the amplitude of the 135°C TL band increased from 8.5 Ϯ 0.9 to 20.2 Ϯ 2.3 in the wild type and from 9.6 Ϯ 0.9 to 35.6 Ϯ 9.3 in npq1. Concomitantly, there was a significant difference in PSII photoinhibition between the two genotypes: F v ͞F m was 0.63 Ϯ 0.15 and 0.44 Ϯ 0.20 in wild type and npq1, respectively. Water stress also was observed to cause a dramatic lipid peroxidation in npq1 compared with the wild type (data not shown).
Antioxidant Activity of Z That Is Unrelated to 1 Chl Quenching. To determine whether the protection against photooxidation mediated by the V cycle is solely a result of the involvement of Z in thermal dissipation ( 1 Chl quenching), we examined a new Arabidopsis mutant called npq4 (19) . This mutant has normal pigment composition, PSII-mediated electron transport, and V cycle activity but exhibits strongly reduced extent and reversibility of 1 Chl quenching (19) . Although the NPQ4 gene has not been identified yet, one can hypothesize that the mutation affects either the binding of A and Z to the LHCs or the conformational changes in the LHCs involved in the engagement of NPQ. From the simple mutants npq1 and npq4, a double mutant was constructed: npq4 npq1 has a limited capacity of quenching 1 Chl, similar to that of npq4, and has no V cycle. When exposed for 15 min to white light of PFD of 1,500 mol of photons⅐m Ϫ2 ⅐s
, the steady-state value of the nonphotochemical fluorescence quenching ([F m in the dark͞F m in the light] Ϫ 1) was 0.70 Ϯ 0.01 in npq4 and 0.72 Ϯ 0.04 in npq1 npq4 (and about 2 in wild type, cf. Fig.  1B) . Therefore, by comparing npq4 and npq4 npq1, we were able to examine the photoprotective role of the V cycle with limited thermal deexcitation of 1 Chl.
The effects on PSII photochemistry and lipid peroxidation of 3-day exposure of npq4 and npq4 npq1 plants to strong light are shown in Table 2 . Clearly, the double mutant suffered more from the light stress than npq4: the amplitude of the 135°C TL band and the ethane production were higher in the double mutant compared with the simple mutant. F v ͞F m seemed to be slightly more reduced in npq1 npq4 but the difference with npq4 was not statistically significant. The pool of V cycle pigments increased noticeably during light stress in both npq4 and npq4 npq1. In fact, the difference found between npq4 and npq4 npq1 in Table 2 resembles that found between the wild type and npq1 in Fig. 4 . However, npq4 leaves were more peroxidized than wild-type leaves after light treatment (Table 2) , and the different genotypes can be ranked with respect to sensitivity to photooxidation as follows (least to most sensitive): wild type Ͻ npq4 Ͻ npq1 ϭ npq1 npq4. One then can conclude that, at least for conditions of prolonged illumination with high-intensity light, a significant part of the protective action of Z against photooxidative damage occurs via a mechanism different from 1 Chl quenching in the LHCs because inhibition of NPQ in npq4 did not lead to marked lipid peroxidation.
DISCUSSION
Because of their unique lipid composition characterized by a high proportion of galactolipids containing highly unsaturated fatty acids (C18:3), chloroplast membranes are very sensitive targets for photodestruction by active forms of oxygen. The results of this study demonstrate that the V cycle is involved specifically in the protection of the photosynthetic membranes against lipid peroxidation. Lipid peroxidation in the npq1 mutant was accompanied by pigment losses (Table 1 ) and ultimately resulted in leaf bleaching, necrosis, and reduced growth (Figs. 3 and 2B) . The antioxidant activity of the V cycle may be crucial for the survival of plants in natural conditions when a combination of factors brings about excessive excitation of the Chl antennae and͞or favors oxygen photoreduction by the photosynthetic electron transport chain. In this study, such conditions were obtained in moderate light by leaf dehydration and chilling temperature, leading to a strongly increased lipid peroxidation in npq1 compared with wild type.
Despite the inhibition of the photoregulation of thermal energy dissipation in PSII (Fig. 1B) , the absence of the V cycle in npq1 had relatively minor effects on the PSII photochemical efficiency, with the notable exceptions of short-term photoinhibitory light treatment and chilling stress in the light. Possibly, acclimation of Arabidopsis plants to high-light irradiance was associated with a stimulation of the repair process of photodamaged PSII reaction center complexes, as reported previously in other plant species (36) (37) (38) (39) . As a result, increased energy dissipation in the LHCs and reduced energy delivery to the PSII reaction centers probably became of lesser importance. At chilling temperatures, the acclimation process may be less efficient, e.g., because of increased membrane viscosity (40) , leading to a differential photoinhibition of PSII in npq1 and the wild type. On the other hand, it has been suggested that photoinhibition actually requires Z and that sustained photoinhibition represents sustained maintenance of Zdependent energy dissipation (41, 42) . This possibility could provide an alternative explanation to the finding that photoinhibition in Z-deficient npq1 plants was not amplified strongly compared with wild-type plants.
Our lipid peroxidation data are neutral with respect to the mechanism by which Z exerts its antioxidant activity. However, the differential sensitivity to photooxidation of the npq1 and npq4 mutants, which both have a strongly reduced NPQ, indicated that part of the protection by the V cycle occurred by a mechanism different from increased energy dissipation in the LHCs by NPQ. Consequently, one can suggest that an important aspect of the protective function of the V cycle is to scavenge 1 O 2 and͞or free radicals that otherwise would interact with the lipids surrounding the photosystems. This scavenging activity can take place in the LHCs and͞or their boundary lipid environment. In fact, because of their higher number of conjugated double bonds, A and Z are supposed to be better photoprotectors than V with a higher efficiency for deexciting 1 O 2 (43, 44) . Conversely, V is a lightharvesting accessory pigment that is able to transfer excitation energy to Chl a (45, 46) , and there are some data indicating that V could be a better light harvester than Z in vivo (47) . It is known that singlet-singlet energy transfer from carotenoids to Chls requires a very close contiguity of the pigments (8, 48) . The removal of the two epoxides confers a difference in the end-group structure of the xanthophylls (49) that can perturb pigmentpigment or pigment-protein interactions (50) and, hence, the excitation energy transfer to Chls. Moreover, the Z excited states lie below that of V, leading to a less favorable energy transfer to Chl from Z or even to a change in direction of energy transfer between carotenoid and Chl (11, 51) . Thus, the xanthophyll cycle can be seen as an elegant mechanism that rapidly converts, within the LHCs, an efficient accessory pigment in weak light (V) to an efficient photoprotector in strong light (Z).
Carotenoids also can trap various types of free radicals (43) . When incorporated into liposomes, carotenoids prevent them from being oxidized (52) , and Z has been demonstrated to be a very efficient radical scavenger and chain-breaking antioxidant in peroxyl-radical-mediated peroxidation of artificial lipid mem- Table 2 . Effects of strong light stress (3 days at 1,600 mol photons m Ϫ2 s Ϫ1 ) on the V cycle pigments, Fv͞Fm, and the level of lipid peroxidation, as measured by the amplitude of the 135°CTL band and the ethane production in leaves of the wild type, the npq4 mutant, and the npq4 npq1 double mutant of Arabidopsis Arabidopsis TL, a.u. branes (53, 54) . In this context, it has been suggested (but not yet proven) that the V-to-Z conversion in vivo takes place from a free pool of V, in equilibrium with bound V, at the interface between the LHCs and a particular lipid environment (monogalactosyldiacylglycerol) (55) and that Z formed in strong light interacts with the lipid phase of the thylakoid membrane (56) (57) (58) (59) . Thus, the Z-related reduction of lipid peroxidation observed in this study possibly could be the manifestation of the transitory presence of Z in the thylakoid membrane lipid phase, where it acts as a terminator of peroxy-radical chain reactions. This possibility is still hypothetical and remains to be established in further studies. The antioxidant effect of Z on thylakoid lipids likely supplements that of the lipophilic antioxidant vitamin E. Interestingly, it has been demonstrated in artificial membranes that carotenoids and vitamin E act synergistically as radical scavengers (60, 61) . Thanks to this cooperativity, the presence of relatively little amounts of Z in the thylakoid membrane lipid matrix may have a substantial effect on the photoprotective activity of vitamin E. Presumably, in the presence of ascorbate, carotenoids are able to repair the ␣-tocopheryl radical, which is produced when vitamin E scavenges an oxy-radical (60) . It is tempting to suggest that the absence of Z in npq1 impaired ␣-tocopherol recycling and progressively reduced the vitamin E level in thylakoid membrane (as found in this study; Table 1 ), leading to enhanced lipid peroxidation. This possibility will be examined in future research.
Although the exact molecular mechanism(s) involved in the photoprotective action of Z remain to be elucidated, our data reveal the efficacy of a light-controlled antioxidant system in which a simple chemical substitution in a xanthophyll molecule elicits rather profound changes in the chloroplast membrane photostability. That the V cycle is a ubiquitous system that is found in almost all photosynthetic eukaryotes (10) is probably an indication of its important role in preventing oxidative damage. This is also consistent with the fact that acclimation of plants to high PFD is usually accompanied by a preferential accumulation of the xanthophyll-cycle pigments (refs. 3 and 10; see also Table  1 ). The light-regulated dynamic interconversion of lightharvesting and photoprotective pigments in the LHCs during the operation of the xanthophyll cycle may confer a selective advantage in many natural environments, particularly those characterized by rapid changes in light intensity and͞or by the combination of high light and additional environmental constraints. The protective role of Z against photooxidative damage shown here makes the xanthophyll cycle a potential target of genetic engineering for increasing plant resistance to harsh environments.
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